Introduction
The heartworm Dirofilaria immitis is a vector-borne filarioid parasite of dogs. This parasite particularly settles in the right ventricle and pulmonary arteries. The parasite can infect dogs, cats, and other carnivores. Humans could also be aberrant hosts, as well (1) (2) (3) .
Various techniques are used for performing the diagnosis of canine dirofilariasis, such as morphological parameters of microfilariae by blood smear, the modified Knott's method (Knott), histochemical reactions of microfilariae, and immunoassays like enzyme-linked immunosorbent assay (ELISA) tests (4) . Some particular hardships can occur when interpreting the results by these techniques (4, 5) .
Correct detection of filarioid species is clinically important due to zoonotic worries and therapeutic effects (5, 6) . Molecular methods like polymerase chain reaction (PCR) have been recommended for detecting and differentiating filaroid nematodes in dogs based on their supremacy in specificity and sensitivity (6) .
Dirofilaria immitis infections are widespread in tropical and subtropical regions. Turkey has intermediate hosts and suitable climatic conditions for the development of this parasite (1, 7) . In this regard, many studies from Turkey have been reported. In studies conducted with different diagnostic methods in various areas, the prevalence of D. immitis was between 1.5% and 46.2% (5, (8) (9) (10) .
Territorial factors and diagnostic tests can cause distinctions among research results. In recent years, it is proposed to use an integration of serologic and parasitologic methods for the diagnosis of D. immitis (5, 6) .
A postmortem study of street dogs has been the only report until today about the prevalence of D. immitis in dogs from Sivas (11). Our research was conducted to investigate the situation of D. immitis infection between stray and owned dogs of different ages and sexes by the methods of ELISA, PCR, and Knott.
Materials and methods

Sample collection
The research was conducted in Sivas Province, an area of about 28,000 km 2 in the central part of Turkey (38°32′N to 40°16/N and 35°50′E to 38°14′E). Sivas is located at an altitude of 1278 m in the broad valley of the Kızılırmak River.
Permission for the study was received from the Cumhuriyet University Animal Experiments Local Ethics Committee (27.02.2012/304) before the experimental process.
Blood samples with EDTA and sera samples were collected between April and October 2012 from dogs in six districts of Sivas Province (Sivas Center, Ulaş, Kangal, Yıldızeli, Hafik, and Suşehri) ( Table 1 ).
All the dogs in the experiment were older than 7 months of age, indigenous breeds, and did not have prophylactic treatment for dirofilariasis based on owners' testimonies. The demographic data of age, sex, and origin (stray or owned) of each dog were recorded. About 8 mL of whole blood was drawn from the cephalic vein of each dog between 1000 and 2000 hours. Half of the sample was put into a tube containing EDTA to avoid coagulation and the other half was permitted to clot. Serum was separated by centrifugation and stored at -20 °C until use ( (12) . One milliliter of whole blood and 9 mL of 2% buffered formalin were mixed and centrifuged at 2000 rpm for 5 min. The supernatant was removed and sediment was stained using 1% methylene blue. The sediment was transmitted to object slides, coated with coverslips, and analyzed by light microscopy. Filarial species characterization was performed based on wellknown morphological criteria (2).
Serological analysis
All of the sera samples were subjected to ELISA for determining the existence of circulating antigens of D. immitis. A commercial ELISA test kit (DiroCHEK, Synbiotics Corp., San Diego, CA, USA) was used. The procedure was according to the instructions provided in the kit. Kit samples were used as positive and negative controls.
DNA extraction and polymerase chain reaction
Total DNA was separated from blood samples using the DNeasy Blood & Tissue Kit (GeneJET Genomic DNA Purification Kit, K0722, Fermentas, St. Leon-Rot, Germany) based on the manufacturer's instructions with slight modifications. First, 200 µL of blood was incubated overnight at 56 °C within 200 µL of the lysis buffer including 20 µL of proteinase K (20 mg/mL) (Sigma, St. Louis, MO, USA). At the end of the digestion phase, the kit's directions were followed and then the pellet was diluted by 50 µL of sterile distilled water, and DNA samples were stored at -20 °C until use in the final stage.
The 16S SSU rRNA gene region of D. immitis was amplified with the Di-16S-rRNA-F (5'-AGCTCGTAGTTGGATCTGCAT-3') and Di-16S-rRNA-R (5'-CGTCAAGGCGTATTTACCG-3') primers (13) . Amplification was carried out in a total reaction volume of 50 µL including 10X PCR buffer [100 mM Tris-HCl (pH 9), 500 mM KCl, 1% Triton X-100], 1.5 mM MgCl 2 , 250 µM of each dNTP, 1.25 U of Taq DNA polymerase (Fermentas), and 2 µL (20 pmol/µL) of each of the primers. Five microliters of the eluted DNA was used in the PCR.
The amplification was performed in a thermal cycler (Multigene Thermal Cycler TC9600-G, Labnet International, Woodbridge, NJ, USA) for 35 cycles using the following reaction conditions: predenaturation of DNA at 95 °C for 10 min, denaturation of DNA at 95 °C for 1 min, primer annealing at 55 °C for 1 min, primer extension at 72 °C for 1 min, and a final extension at 72 °C for 10 min.
Five microliters of the amplified PCR products was loaded onto ethidium bromide-stained 1.5% agarose gel. According to results of ELISA and PCR, there were no statistically significant differences in the distribution of D. immitis between males and females, owned and stray dogs, or among the age groups of dogs based on the chi-square test (Table 2) .
A 453-bp fragment of the 16S SSU rRNA gene of D. immitis was successfully amplified with PCR using the Di-16S-rRNA-F and Di-16S-rRNA-R primers. The obtained 16S rRNA DNA sequence was submitted to the GenBank with accession number KJ183078. The sequence was found to share 100% identity with the other D. immitis sequences (FJ799911, FJ799917, FJ799916 ) registered in GenBank.
Discussion
The prevalence of D. immitis in dogs was specified in the range of 1.1%-46.2% by using various diagnostic techniques from different geographical areas of the world (4, 8, 12, (14) (15) (16) (17) (18) (19) (20) (21) (22) . There have been different prevalences for a single country depending on many factors such as the number of samples, selection method of samples, preselection of samples, and applied methods (14, 17) . Different prevalences have been reported in several studies with microscopy, necropsy, and serology-based research from Turkey (3, 5, (7) (8) (9) (10) (11) (23) (24) (25) (26) (27) . The highest prevalence in Turkey was reported to be 46.2% in Van Province (8) . Previously, the prevalence of D. immitis in a postmortem survey of 50 street dogs in the Sivas city center was determined as 6.0% by Ataş et al. (11) . The prevalence in the center of Sivas and its districts was found here as 2.9%, which was lower than that reported by Ataş et al. (11) . Whether this obvious difference is due to the random exemplification differences, dissimilarities in techniques, or a current reduction in prevalence is unclear. Climatic and environmental circumstances, vector populations, used diagnostic techniques, and status of diseases should be related to the diversity of the prevalence of the parasite (1). Compared to other parasite prevalences in Turkey, a low prevalence of 2.9% was found in our study. The climatic conditions of Sivas Province, which has snowy and long winters and dry, warm summers, could be associated with the previous situation. Mosquito activity lasts less than approximately 3 months. The environmental temperature is the critical factor for D. immitis maturation in terms of infecting third-stage larvae (L3) in the mosquito (1, 23) .
This research is the first exhaustive study generated by utilizing a combination of serological, conventional, and molecular methods for determining the distribution and occurrence of D. immitis in Sivas Province. ELISA (2.9%) and PCR (2.9%) methods detected the prevalence of the disease in a higher range than Knott (1.3%). The PCR assay is accepted as more reliable and reproducible when compared with microscopic inspection (4, 6, 13, 17, 21) . The ELISA test is commonly used to detect D. immitis, especially for occult infections (10, 23) . Moreover, a false negative result could occur by microscopic inspection for characterization of microfilariae, as well (17) . This study shows that ELISA and PCR are more sensitive and useful than microscopy for D. immitis. We speculate that the sensitivity of the method is important in epidemiological studies because the potential risks are shown by the existence of asymptomatic and microfilaremic animals.
It could be mentioned that when interpreting the prevalence of D. immitis in terms of sex that male dogs (4.2%) have a higher rate than females (1.5%), although statistically no significant differences were observed (P > 0.05). This condition was almost identical to results of some previous studies reporting that the frequency of the disease is connected with lifestyle and male dogs become more frequently infected than female dogs (4, 17, 18, 20, 24, 25) .
The prevalence of D. immitis was found as 7.1% in dogs 6 years and older, 2.2% in the age group of 3-5 years, and 2.5% in the age group of 0.7-2 years by both ELISA and PCR methods. The differences between all ages were accepted as statistically insignificant by both ELISA and PCR methods (χ 2 = 1.335, P > 0.05). Most previous papers reported similar findings in Turkey and other countries (7, 18, 20, 23, 25, 26) . On the other hand, there are different studies in which the age of the dog was accepted as a risk factor for the prevalence of D. immitis (5, 14) .
In this study, it was detected that the prevalence of D. immitis was 1.7% in owned dogs and 3.7% in street dogs, but there was no statistically significant difference between origins (P > 0.05). Interacting with the external environment of both stray dogs and owned dogs could be the explanation for this. It was usually presumed that mosquitoes more often bit outdoor dogs than indoor ones (14) . All stray dogs within the scope of the research lived in a shelter or on the streets, but the owned dogs also lived in outdoor circumstances. Yildirim et al. (10) and Simsek et al. (9) stated similar conclusions. Other investigators (3, 17, 20, 24) confirmed that being stray or owned were the major risk factors, specified by the exposure time to the endemic area.
These results indicate that a more precise indication of the level of disease could be seen by using together the methods of Knott, PCR, and ELISA. This research is the first detailed study about D. immitis in dogs from the Sivas region of Turkey and more studies must be carried out in other nonstudied areas to complete the epidemiological map of D. immitis in Turkey.
